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INTRODUCTION 

In a comprehensive investigation of the composition of low- tempera ture  
bituminous coal t a r  it was necessa ry  to analyze the high-boiling neut ra l  oil  f r a c -  
tions in  the range 275" to 344" C. The method se lec ted  f o r  this was fractionation 
by disti l lat ion,  fur ther  separa t ion  by countercur ren t  distribution (CCD), and final 
ana lys i s  by inf ra red  and ultraviolet  spectrophotometry.  A recent  review on coun- 
t e r c u r r e n t  distribution (E) shows that relatively l i t t le  work has  been done on the 
CCD of high-boiling neut ra l  polynuclear compounds and  nothing on separation of 
na tura l  mix tures  by this method. 
parti t ion coefficient of 18 polynuclear compou:ds in the solvent sys t em cyclo- 
hexane/80 percent  ethanol and proposed this solvent sys t em f o r  the ana lys i s  of the 
heavy-oil fractions of coal-hydrogenation products.  
tition, coefficient of 24 a romat ic  compounds in /3, /3 '-oxydipropionitrile/isooctane 
and proposed this solvent sys tem for CCD separa t ions  of petroleum f rac t ions  and 
oils der ived f rom coal  t a r s .  
poiycyclic a romat ic  compounds w i t h y  solvent sys t em containing te t ramethylur ic  
ac id  but did not analyze na tura l  mix tures .  The p resen t  work  fully demonst ra tes  
the capabili t ies of CCD, supplemented by in f r a red  and  ultraviolet  spectroscopy fo r  
the separa t ion  and ana lys i s  of complex high-boiling neut ra l  a romat ic  coa l  t a r ,  
shale oil ,  o r  petroleum components. It was found that c l a s s  separations were  suf- 
ficient to allow reliable spectrophotometr ic  ana lyses  to be applied. 
i s o m e r s  occurr ing in sufficiently l a rge  enough amounts  were  individually de t e r -  
mined. 

Golumbic (8)  has  r epor t ed  an investigation of the 

Chang (5) repor ted  on  the pa r -  - 

Mold (1 1 )  has  recently conducted work on the CCD of 

Many specific 

EXPERIMENTAL 

Pre l imina ry  Fract ionat ion by Distillation. - The neut ra l  oil  used in this 
,' work was  obtained f rom a low-temperature  West Virginia bituminous coa l  t a r .  

Prev ious  r epor t s  (2,4) have presented  the ana lys i s  of this ma te r i a l  fo r  fractions 
up to the p re sen t  boiling range ,  using gas-liquid chromatography.  
dist i l lat ions,  
obtained, these  represent ing 33. 46 wt pc t  of the total  neut ra l  oil ( the to ta l  neut ra l  
oil distilling up to about 360" C r ep resen t s  16.92 wt pct of the t a r ) .  
fo r  the f i r s t  of these  disti l lat ions,  including ana lys i s  of f rac t ions  1 to 8, is included 
in a previous paper  (2). 
giving 38. 7 g disti l late,  7 .7  g res idue ,  and 0. 9 g l o s s  and hold up. This ma te r i a l  
was disti l led a t  3 .  0 m m  Hg with a reflux ra t io  of 20 to  1 in a spinning band sti l l .  
Equivalent a tmospheric  boiling points were  es t imated  f rom a s tandard  nomograph. 
Inf ra red  and ultraviolet  spec t r a  were  obtained on all d is t i l l a te  f rac t ions .  These 
were  combined on the bas i s  of qualitative s imi la r i ty  to give 14 samples  which were  
each fractionated by countercur ren t  distribution. 

In two separa te  
1 the 29 neut ra l  oil  f rac t ions  analyzed in the p re sen t  work were  

' Complete data 

The second disti l lat ion was  made  on  a 47:2 g charge ,  
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Countercur ren t  Distribution. - The ins t rument  used  w a s  a Cra ig  60-tube 
a l l -g l a s s  model  with a n  automatic f rac t ion  collector.  
phase  was  40 ml. 
were  co l lec ted  in the f rac t ion  collector.  ,Each distribution was  made with a charge  
of 500 mi l l i g rams ,  obtained by using the p r o p e r  volume of a solution of known con- 
cent ra t ion  of the disti l late f rac t ion  i n  the upper  phase. The upper phase solvent 
was  spec t r a l  g rade  i sooc tane ,  and the lower  phase  was  a 9 0  wt  pct ethanol in water 
mixture .  This  solvent sys t em was chosen  on the bas i s  of i t s  ability to separa te  
var ious  a romat i c  hydrocarbons  f r o m  each o ther .  A thorough investigation was 
conducted on an thracene ,  a typical component of these neut ra l  oil fractions.  Its 
par t i t ion  coefficient i n  a var ie ty  of solvent p a i r s  was de te rmined ,  and the final 
choice was  made  for that in which the value was nea res t  1. 
the m a t e r i a l  where enough tubes could be efficiently utilized in  the separations., 
The solvent sys tem choice was  a l so  l imi ted  to those mixtures  sufficiently immis -  
cible to give complete separa t ion  of l a y e r s  during the p re se t  instrument cycling 
t ime.  
equilibrated at the s a m e  t empera tu re .  This  pre-equilibration produced a volume 
change fo r  equal volumes to 1. 83 p a r t s  90  wt  pct ethanol per  1. 00 p a r t s  isooctane 
a f te r  equilibration. The equilibrated solvents were  used  in making all necessary  
dilutions for  ultraviolet  ana lys i s .  

The tube capacity fo r  each 
The ins t rument  was  opera ted  to give 120 t r a n s f e r s  and 60 tubes 

This placed the bulk of 

The distributions w e r e  c a r r i e d  out at 26" C ,  and the solvents were  p r e -  

Spectrophotometric Analysis.  - Ultraviolet  spec t r a  w e r e  obtained on the 
contents of all CCD tubes,  taken d i rec t ly  f r o m  the ins t rument ,  on a Pe rk in -E lmer  
Model 350 spectrophotometer.  Inf ra red  s p e c t r a  were  obtained on a Pe rk in -E lmer  
Model 21 spectrophotometer equipped with a Pe rk in -E lmer  6x u l t r amic ro  sampling 
unit mqunted in the sample  beam.  
u l t ramicrocavi ty  ce l l s  in th i s  unit, h a s  been  descr ibed  (6). 
preceding inf ra red  ana lys i s  was  as follows: 

The sample  holder ,  designed to mount the 
Sample preparation 

The contents of a single tube a f te r  u l t rav io le t  analysis w e r e  placed in  a 
150-ml distillation f l a sk  and  dry  nitrogen passed  slowly into the flask through a 
g l a s s  tube extending near ly  to the bottom of the flask where  the tube was  drawn 
into a fine tip. The nitrogen flowed out through the s ide  a r m .  
was  completely removed, the m a t e r i a l  w a s  t r ans fe r r ed  f rom this f lask  by means  
of a 6-in.  hypodermic needle and syr inge  and  seve ra l  washings of carbon disulfide 
into a sma l l  t a r ed  t ape red  tube. 
nitrogen through a syr inge  needle. It was  seen  f r o m  inf ra red  spec t ra  that the last 
t r a c e s  of CS, could be removed by this method. 
m a t e r i a l  in the  tip of this tube was f i r s t  weighed and then t r ans fe r r ed  with the  aid 
of a 50 p1 mic rosy r inge  to a n  u l t ramicrocavi ty  NaCl ce l l  (purchased f r o m  the 
Barnes  Engineering Company).  Samples  w e r e  run  undiluted in  these ce l l s  when- 
e v e r  possible.  
the m a t e r i a l  was  diluted with CS, and  the in f r a red  spec t rum obtained in  solution. 

When the solvent 

The CS, w a s  evaporated f rom this sma l l  tube with ' 

The sma l l  amount of liquid 

When the re  was  not enough sample recovered  to f i l l  the ce l l  cavity, 

Determination of Distribution Curves .  - The amount of m a t e r i a l ~ r e c o v e r e d  
in each tube was  plotted to obtain a weight distribution fo r  each run. 
of m a t e r i a l  in a single tube typically ranged  f r o m  0. 5 to 21 mil l igrams.  
violet  absorbance  distribution c u r v e s  a l so  w e r e  p repa red  at  var ious  key wave- 
lengths for  each  run. 
m a j o r  components and  in the quantitative ana lys i s .  When there  was  no peak tube 
d iscern ib le  on  the distribution plot f o r  m i n o r  o r  t r ace  components de te rmined  to 

The amount 
Ultra- 

These were  used  f o r  the determination of peak tubes of 



- 3 -  

be p resen t  f r o m  spec t r a ,  it was possible to reso lve  the "envelope" of ultraviolet  
absorbance  into i ts  component par ts .  Since the countercur ren t  distributions a r e  
essent ia l ly  Gaussian and symmetr ica l ,  it i s  possible to construct  individual 
absorbance  distribution cu rves  by following the appearance  and disappearance of 
individual bands in consecutive fractions and noting the peak tubes f r o m  spectra .  
This procedure  was  a l so  helpful in  determining which bands belonged to  the same 
compound. 

RESULTS AND DISCUSSION 

The r e su l t s  of the disti l lat ions a r e  given in Table 1. On the bas i s  of the 
qualitative information f rom ultraviolet  and in f r a red  spec t r a ,  the consti tuents f rom 
each CCD fractionation were  distinguished and assigned numbers .  It was essent ia l  
to number these consti tuents since they frequently appeared in more  than one run. 
A total  of 51 separate  identifications were  made in this  6 9 "  C boiling range,  and 
these a r e  shown in Table 2.  

The quantitative ana lyses  for  a romat i c s  were  conducted in the ultraviolet  
using absorptivit ies at cha rac t e r i s t i c  bands where  interferences f r o m  other con- 
st i tuents were  a t  a minimum. Absorbance values were  obtained f r o m  the curves  
a l ready  described. Where the ultraviolet  absorption bands fo r  components over -  
lapped too great ly ,  their  re la t ive amounts could generally be es t imated  f rom their  
infrared bands. In those instances where ve ry  s imi l a r  i s o m e r s  overlapped exten- 
sively,  they were  analyzed a s  a c l a s s  ra ther  than as individual compounds. 
qualitative and quantitative ana lyses  of each c l a s s  a r e  descr ibed  under  separa te  
headings. 

The 

F r o m  the quantitative data obtained for  each consti tuent,  plots of mil l i -  
g r a m s  vs .  tube number were  prepared .  F igu res  1 ,  2 ,  and 3 show these distribution 
cu rves  for  only 3 of the 14 neutral  oil f ract ions.  
and 14. Tubes a r e  numbered f rom 0 to 59 in the direct ion of t r ans fe r  in  the 
ins t rument  and f r o m  0 up in the o r d e r  of use  in the fract ion col lector .  
b e r s  on the distribution cu rves  in F igu res  1, - 2 ,  and 3 r e f e r  to some of the consti t-  
uents l i s ted  in  Table 2 .  
was obtained f rom the distribution cu rves  and the weights of the or iginal  dist i l late 
f ract ions.  

These a r e  f o r  CCD numbers  4, 9 ,  

The num- 

The weight-percent of each constituent in the neutral  oil 

These quantitative r e su l t s  a r e  summar ized  in Table 3 .  

0-Dimethylphthalate. - Identification of this compound was made  by infrared 
spectroscopy. 
with i t s  polarity. 

I ts  location in the lower tube numbers  of the lower phase i s  in line 

Carbazoles .  - The weak but significant polar cha rac t e r  of the unsubstituted 
nitrogen atom of carbazoles  p laces  this c l a s s  in the lower numbered tubes of the 
lower phase,  beginning with the parent  s t ruc tu re  in tube 27 of CCD No. 9 .  
quent runs  show the peak tube to shift to tubes 29 and 3 1 ,  indicating methylation, 
and both in f r a red  and ultraviolet  spectra  confirmed the presence  of monomethyl 
carbazoles .  
was straightforward, using the absorption band a t  2 3 0  to 240 mp. 
nation of the mixed monomethyl i s o m e r s ,  the absorptivity data used was  obtained 
f r o m  available samples  of 1 - and 2-methylcarbazole.  Infrared l i t e ra ture  spectra  
were  available fo r  the 3 -  and 4-methylcarbazoles (z), and ultraviolet  was  avail-  
able for  3-methylcarbazole (?). 

Subse- 

The quantitative determination of carbazole  and i t s  methyl  derivatives 
.For the de t e rmi -  
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Long-chain Aliphatic Hydrocarbons.  - These w e r e  effectively separa ted  
f r o m  a romat i c  hydrocarbons in  the f i r s t  15 tubes of the f rac t ion  collector in each 
CCD run. Infrared ana lys i s  (1) showed th is  aliphatic ma te r i a l  to consist  of f ive 
c l a s s e s :  0 -o le f ins ,  b ranched  a -olefins,  t rans- in te rna l  olefins,  n-alkanes,  and 
2-methylalkanes.  Since the CCD solvent sys t em was  selected f o r  optimum sepa-  
ra t ion  of a romat i c s ,  t he re  w a s  only a sma l l  separa t ion  by c l a s s  for  the aliphatic 
compounds.  
en t i r e  boiling range although boiling points indicate a change in molecular weight 
f r o m  C,, through C20.  

In Table 2 each  c l a s s  was  ass igned  a single number throughout the 

Alkylnaphthenes. - According to Bellamy (2 ) ,  the inf ra red  bands observed 
a t  10. 7 2 ,  10. 50, 10. 27, and 9 .  73 p in aliphatic f rac t ions  can be assigned to the 
ring deformation vibrations of s ix-membered  ring naphthenes. 
the i r  concentration was  m a d e  using data f r o m  l i t e r a tu re  spec t r a  ( 1 ) .  

An es t imate  o f .  

- 

Aliphatic Carbonyl.  - The carbonyl bands a t  5. 72 to 5 . 9 3 ~  along with the 
CH, rocking vibration a t  13. 8 8 p  w e r e  assigned to aliphatic carbonyl,  e i ther  
ketones o r  e s t e r s .  
13. 8 8 p  band, balances the polar  e f f ec t  of the carbonyl group to place them in  tubes 
56 to 58 of the fraction co l lec tor .  
made  by using absorptivity da ta  fo r  the carbonyl band f r o m  pure  samples  of ali- 
phatic e s t e r s .  

The f a i r ly  long chain,  a s  indicated by the intensity of the 

Es t ima tes  of concentration f o r  this c l a s s  were  

Naphthalenes. - Alkylnaphthalenes were  identified in all neut ra l  oil  f r a c  - 
On the bas is  of boiling point and ultraviolet  cor re la t ions ,  i t  was found that 

There  was  no evidence of any 
Inf ra red  bands at 6. 25  and 9. 67 p along 

tions.  
they were  predominantly polymethylnaphthalenes. 
long chain o r  branched alkyl substitution. 
with strong out-of-plane hydrogen deformation vibration bands in  the 11. 0 to 14. 0 p 
region w e r e  observed. The increas ing  number of possible i s o m e r s  with increasing 
molecular  weight of methylnaphthalenes made  identification of specific i s o m e r s  
ex t r eme ly  difficult. It was  observed  f rom this l abora to ry ' s  data and a collection of 
methylnaphthalene spec t r a  f r o m  the l i t e r a tu re ,  that  in genera l ,  fo r  polymethyl- 
naphthalenes the specific absorptivity of the 2 3 0 . m ~  band d e c r e a s e s  regular ly  i n  
intensity with increasing molecular  weight. The values f o r  each  carbon number  
w e r e  in a range nar row enough to justify the use  of an  average .  The average  spe- 
cific absorptivity f o r  14 trimethylnaphthalenes (C13) was 530, fo r  7 te t ramethyl -  
naphthalenes (C14) ,  442, f o r  3 pentamethylnaphthalenes (C,,), 346, and f o r  4 hexa- 
methylnaphthalenes (Clb), 3 17. 
ethylmethylnaphthalenes (C13)  fa l l s  ve ry  c lose  to the value of trimethylnaphthalenes 
(C13) ,  and a n  average of 4 diethylmethylnaphthalenes (C15) falls  ve ry  c lose  to that of 
pentamethylnaphthalenes (C,,). 

A n  average  specific absorptivity of 7 l i t e r a tu re  

Hydroaromat ics  and Biphenyls. - A broad ultraviolet  band a t  259 m p  a t  a 
maximum in tubes 11 to 14 F C  rep resen ted  a mixture  of biphenyls and hydroaro-  
ma t i c s .  
band and a l so  by an  in f r a red  band a t  1 4 . 3 0 ~ .  The hydroaromatic s t ruc tu re  was  
indicated by the a romat i c  band a t  6. 25 p which, although p resen t ,  was relatively 
weak. 
quantitative data. 
abso rbances ,  ultraviolet  absorp t iv i t ies  w e r e  approximated and found to be low, 
indicating saturation of a romat i c  r ings .  

Biphenyls were  indicated by a s e r i e s  of shoulders occurring on-this ma jo r  

Additional evidence to support  this c l a s s  was  obtained f r o m  ultraviolet  
F r o m  the actual weight of these  fractions and the observed  
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Fluorenes.  - Fluorenes  were  identified by their  dist inctly cha rac t e r i s t i c  
ul t raviolet  spec t r a  and their  strong out-of-plane hydrogen deformation bands in the 
inf ra red .  The ul t raviolet  band a t  300 mp,  which shifts to slightly higher wave- 
lengths for  methyl i s o m e r s ,  fortunately o c c u r s  in a region where  analysis  w a s  
unhindered by other components. 
s t ra ightforward,  using specific absorptivity values of 59 and 41 respectively,  
determined a t  300 m p  f r o m  available samples .  The amount of the 2- and 3- 
methylfluorene mix tu re  was determined a t  260 m p  using an  ave rage  specific 
absorptivity value of 116 obtained f r o m  pure  samples .  

F o r  fluorene and 1-methylfluorene, analysis was  

Phenanthrenes.  - Differentiation among the 1-methyl,  2-methyl,  and 3- 
methyl i s o m e r s  was readily made  f r o m  strong infrared bands in  the out-of-plane 
hydrogen deformation region a t  11 to 1411. 
ranged f r o m  251 to 253.5 m p  in these CCD fract ions indicated monomethyl- 
substi tuted phenanthrenes.  This band shifts f r o m  250. 2 m p  for  phenanthrene to a 
range of 251 to 254.4 mp a s  observed in spec t r a  of monomethylphenanthrenes. 
Dimethylphenanthrenes were  a l so  identified in the ul t raviolet  f r o m  the position of 
this  strong band with a range of 252 to 256 mp. F r o m  l i te ra ture  spec t r a  of 12 
dimethylphenanthrenes this range was observed to be 252 to 258 m p .  The shift in  
peak tubes accompanying the change in range of this ultraviolet  band ver i f ied 
methylation. Phenanthrene determination was made  in the ul t raviolet ,  using a 
specific absorptivity value of 359 a t  250. 2 mp. 
322 was determined f r o m  pure  samples  of 1-methyl-,  2-methyl-,  and 3-methyl- 
phenanthrene. 
.shifted f r o m  251 to 253. 5 mp. The rat ios  of the individual monomethyl i s o m e r s  
were  est imated f r o m  their  s t rong infrared out-of-plane hydrogen deformation 
bands.  F o r  dimethylphenanthrenes,  using the s a m e  intense ul t raviolet  band, an 
ave rage  specific absorptivity of 293 was determined f r o m  ul t raviolet  spec t r a  of 12 
dimethylphenanthrene s. 

The strong ul t raviolet  band which 

An average specific absorptivity of 

Absorbances were  r ead  f r o m  the peak of the l a r g e  band a s  it 

Anthracenes.  - Qualitatively the distinction between anthracene and i ts  
monomethyl and dimethyl de r lva twes  can  best  be made  in the ul t raviolet  region 
where their  longest wavelength bands a r e  highly diagnostic. Neither the mono- 
methyl nor the dimethyl anthracenes were substi tuted in the 9 o r  10 position, a s  
this  c a u s e s  a marked  shift  to longer wavelengths as compared to other positions. 
Quantitative analyses  for  anthracenes were  conducted a t  375.6 mp for  anthracene,  
377.6 mp for  monomethylanthracenes,  and 380. 0 m p  for  dimethylanthracenes.  A 
specific absorptivity value of 43 for  anthracene was determined f r o m  a pu re  sample.  
A monomethyl specific absorptivity value of 43 was obtained f r o m  a sample of 2-  
methylanthracene and a l i t e ra ture  spectrum of 1 -methylanthracene (E). 
l i t e ra ture  spec t r a  of 7 dimethylanthracenes,  a value of 30 was determined for  spe-  
cific absorptivity.  

F r o m  

Dibenzofurans. - Alkyldibenzofurans can  be cha rac t e r i zed  in  the infrared by 
a sha rp ,  strong band in the 8. 2 to 8. 5 p region (13) assigned to the C - 0  stretching 
vibration. The analysis  was conducted in the ultraviolet  region f o r  dibenzofurans 
using a strong absorption band nea r  250 mp. F o r  dibenzofuran a value of 115 at  
248.8 m p  f o r  the specific absorptivity was obtained f r o m  a pu re  sample.  The 
monomethyldibenzofurans were  determined by using an  average specific absorp-  
tivity value of 98 a t  251 to 253 m p ,  obtained f r o m  pure  samples  of 2-methyl-,  
3-methyl-,  and 4-methyldibenzofurans,  and the spec t rum f o r  l-methyldibenzo- 
fu ran  (e). 
81 n e a r  250 rnp was obtained f r o m  spec t r a  of 6 dimethyldibenzofurans (2). 

F o r  dimethyldibenzofurans, an average specific absorptivity value of 
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methyldibenzofuran; S. Tr ippe t t ,  University of Leeds ,  England, for  spec t ra  of a 
var ie ty  of alkyldibenzofurans; and W. E .  Haines,  L a r a m i e  Pe t ro leum Research  
Cen te r ,  Bureau of Mines ,  L a r a m i e ,  Wyo., for  a sample  of 1-methylcarbazole and 
a n  ul t raviolet  spec t rum of 3-methylcarbazole.  
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TABLE 
I 

I 
1 
I CCD 

No. 

I 1 
I 

2 

3 
i 
t 
1 

4 

) 

5 

I 6 

7 I 
1 
I 8 1  
1 

9 

10 
I 

7 

11 

12 

13 

14 

' 
total  

1. - F r a c t i o n a l  d i s t i l l a t ion  of n e u t r a l  o i l s  

Dis t i l l a te  
f r a c t i o n  Boiling r a n g e ,  C Weight,  
No. 1 0 m m  7 6 0 m m  g r a m s  

9 138 - 139 275 - 276 9 . 0  
10 139 - 141 276 - 278 9 . 0  

I 1  141 - 143 278 - 280 8 . 6  
I 2  143 - 144 280 - 282 9 . 4  

13 144 - 146 282 - 284 9 . 2  
14 146 - 148 284 - 286 9 . 3  

15 148 - 149 286 - 287 9 . 6  
16 149 287 3 . 6  

'67 .7  
- 

3 . O m m  760 m m  
1 123 - 125 287 - 290 1 9  
2 125 - 127 290 - 292 2 0 

3 127 - 128 292 - 293 1.6 
4 I28  29 3 1 . 7  

5 I 128 - 132 293 - 298 1 7  
6 132 - 134 298 - 300 1 . 9  

7 I34 - 1 3 5  300 - 301 1 .  6 
8 135 - 136 301 - 302 1.9 
9 I36 - 1 3 7  302 - 303 1 6  

10 137 - I38 303 - 3011 1 9  
I I  138 - 1-13 305 - 310 2 . 0  

I 2  143 - 144 310 - 311 2 1  
144 - 145 311 - 313 2 . 0  13 

14 145 - 148 313 - 316 2 2 
15 148 - 150 316 - 318 2.  3 
16 150 - 152 318 - 321 2 .0  

17 152 - 153 321 - 322 2 . 0  
18 453 - 160 322 - 329 1.9 

19 160 - 167 329 - 337 1 . 9  

L O  167 - 171 337 - 342 2 .0  
21 171 - 173 342 - 344 .5 

511t 
F r a c t i o n s  9 through 16 a r e  9 . 7 2  we igh t -pe rcen t  of the 

neut ra l  oil .  
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TABLE 2. - Countercurrent  distribution of high-boiling 
neut ra l  o i l s  

1 

3 
4 
5 
b 
7 
8 
9 

10 
1 1  
1 2  

7 ‘- 

I 
L 
3 

13 
5 

I 4  

b 
7 
8 
9 

10 
1 1  
I 2  

15 
I 
L 

16 
13 
14 

Constituent 
Ident itv 

CCD NO. I 
Unknown I 
Aliphatic c a rbony 1 
Dibenzofuran 
Ac enaphthene 
Trimethylnaphthalenes ( N I B  N,, N,, N4) 
Hydroaromatic  s ,  Biphenyls 
Alkylnaphthenes (6-membered  r ing)  
t rans- In te rna l  olefin 
T e r m i n a l  olefin 
n - Alkane 
Branched- t e rmina l  olefin 
2 -Methylalkane 

CCD NO. 2 
Unknown I 
Aliphatic c a  r bo nyl 
Dibe n z ofu r a n 
F l u o r e n e  
Trimethylnaphthalenes (N1 ,  N,, N,, N4) 
T r i - o r t e t r a m  e th y lna ph t ha1 ene s 
(N5’ N6. N7) 
Hydroa romat i c s ,  Biphenyls 
Alkylnaphthenes (6-membered  r ing)  
t rans- In te rna l  olefin 
Te rmina l  olefin 
n-Alkane 
Branched t e rmina l  olef in  
2-Methylalkane 

CCD NO. 3 
o - Dimethylphthalate 
Unknown I 
Aliphatic c a r bo ny 1 
4-Methyldibenzofuran 
F l u o r e n e  
T r i  - or  t e  t r a m e  thylnaph thalene s 
(N5s N6, N7) 

Peak 
tube 
no. 

34  
‘58 F C  
44 F C  
34 F C  
26 F C  
14 F C  
10 F C  
10. 5 F C  
10. 5 F C  
9 . 0  F C  
8 . 5  F C  
6 F C  

34. 5 
58 F C  
48 F C  
44 F C  
25 F C  
25 F C  

14 F C  
10 F C  
9 F C  
9 F C  
8 F C  
6 F C  
3 . 5  F C  

4 
33 .5  
58 F C  
48 F C  
42 F C  
26 F C  

See footnotes a t  end of table .  
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- 
No. 

6 
7 
8 
9 

10 
11  
1 2  

- 

15 
1 
2 

16 
13 
14 

. 6  
8 
9 

10 
11 
12 

17 
2 

18 
19 
16 
20 
2 1  

6 
8 
9 

10 
11 
12 

Consti tuent 
Identity 

Hydroaromat ics ,  Biphenyls 
Alkylnaphthenes (6 -membered  ring) 
t r a n s  -Internal olefin 
Te rmina l  olefin 
n-Alkane 
Branched- te rmina l  olefin 
2 -Methylalkane 

CCD NO. 4 
0- Dimethylphthalate 
Unknown I 
Aliphatic carbonyl 
4 -Me thyldibenzofuran 
Fluorene  
T r i  - o r  te t r  amethylnaphthalene s 

Hydroaromatic s ,  Biphenyls 
t rans- In te rna l  olefin 
Termina l  olefin 
n- Alkane 
Branched te rmina l  olefin 
2 -Methylalkane 

(Nst N6, N,) 

CCD NO. 5 
Unknown I1 
Aliphatic carbonyl 
2 -Methyldibenzofu r a n  
3 -Methyldibenzofuran 
4-Methyldibenzofuran 
1 -Methyldibenzofuran 
Tetramethylnaphthalene s 
Hydroaromat ic  s, Biphenyls 
t r ans  -Internal olefin 
Termina l  olefin 
n- Alkane 
Branched- te rmina l  olefin 
2-Methylalkane 

See footnotes a t  end of table. 

Peak  
tube 
no. 

14 F C  
10 F C  
8 F C  
8 . 5  F C  
8 F C  
8 F C  
5 FC 

4 
34 
56 F C  
45 F C  
42 F C  
26 F C  

14 F C  
8 F C  
8 F C  
7 . 5  F C  
7 F C  
3 F C  

3 4 . 5  
56 F C  

’36 F C  
‘36 F C  
‘36 F C  
‘36 F C  
23 F C  
14 F C  
8 F C  
8 F C  
8 F C  
7 .  5, I2 F C  
5 F C  
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No .  - 

17 
18 
19 
16 
L O  
L 1  
6 
8 
9 

10 
I 1  
I 2  

17 

2 3  
24 
18 
I9 
L O  
2 5  
26 
27 
2 1  

6 
8 
9 
IO 
1 1  
12 

> ,  
- L  

17 
28 
29 
30 
18 
19 
25 
26 

Constituent 
Identity 

CCD NO. 6 
Unknown I1 
2 -Methyldibenzofuran 
3 -Met hy ldibenzo f u ran  
4 -Methyldibenzofuran 
1 -Methyldibenzofuran 
Tetramethylnaphthalenes 
Hydroaromat ic  s ,  Biphenyls 
t r a n s  - Internal  olefin 
T e r m i n a l  olefin 
n - Alkane 
Branched- te rmina l  olefin 
2-Methylalkane 

CCD NO. 7 
Unknown I1 
Aliphatic carbonyl 
Unknown I11 
Dimethyldibenzofuran 
2 -Methyldibenzofuran 
3 -Methyldibenzofuran 
1 -Methyldibenzofuran 
I - Methylfluo r ene 
2 -  a n d / o r  3-Methylfluorene 
Diinethyldibenzofurans 
Tetramethylnaphthalenes 
Hydroa romat i c s ,  Biphenyls 
t rans- In te rna l  olefin 
Te rmina l  olefin 
n -  Alkane 
Branched- te rmina l  olefin 
2-Methylalkane 

CCD NO. 8 
Unknown I1 
Unknown I V  
Phenanthrene 
Unknown V 
2-Methyldibenzofuran 
3 -Methyldibenzofuran 
I -Methylfluorene 
2 -  a n d / o r  3-Methylfluorene 

Peak  
tube 
no. 

36 
’36  F C  
236 F C  
‘36 F C  
‘36 F C  
24 F C  
14 F C  
8 . 5  F C  
8 . 5  F C  
8 .  5 F C  
7.5 F C  
5 F C  

35 
55 F C  
55 F C  

‘41 F C  
241 F C  
*41 FC 
‘41 F C  
38 F C  
38 F C  
24 F C  
23. 5 F C  
14 F C  
8 F C  
8 F C  
8 F C  
7 F C  
5 F C  

35 
55 F C  
51 F C  
48 F C  

‘44 F C  
244 F C  
38 F C  
38 F C  

See footnotes a t  end of table. 
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- 
No. 

31 
27 
'3 2 
6 
8 
9 

10 
1 1  
1 2  ~ 

- 

33 
34 
29 
30 
35 
26 
3 1  

3 2  
6 
8 
9 

10 
I 1  
1 2  

33 
34 
29 
30 
35 
36 
31 

32 
6 
8 
9 

10 
1 1  
1 2  

Consti tuent 
Identity 

2,4-Dimethyldibenzofuran 
Dimethyldibenzofurans 
Alkylnaphthalenes (NE, N,) 
Hydroaromat ic  s ,  Biphenyls 
t r a n s  -Internal olefin 
Te rmina l  olefin 
n- Alkane 
Branch e d - t e r m inal o 1 e f i n 
L -Methylalkane 

CCD NO. 9 
Carbazole  
Unknown V I  
Phenanthrene 
Unknown V 
Anthracene 
2 -  a n d f o r  3-Methylfluorene 
Dimethyldibenzofuran 
(principally 2 ,  4-dimethyldibenzofuran) 
Alkylnaphthalenes (NE, N,) 
Hydroaromat ics ,  Biphenyls 
t r a n s  -Internal olefin 
Te rmina l  olefin 
n - Alkane 
Branched- te rmina l  olefin 
L -Methylalkane 

CCD NO. 10 
Carbazole  
Unknown V I  
Phenanthrene 
Unknown V 
Anthracene 
C a r  bony 1 compound 
Dimethyldibenzofurans 
(principally Z,4-dimethyldihenzofuran) 
Alkylnaphthalenes (NE, N,) 
Hydroaromat ic  s , Biphenyls 
t rans- In te rna l  olefin , 

Termina l  olefin 
n- Alkane 
Branched- te rmina l  olefin 
2 -Methylalkane 

Peak  
tube 
no. 

31 FC 
24 FC 
22.5 FC 
14 FC 
8 FC 
8 FC 
8 FC 
7 FC 
5 FC 

27 
37.5 
51 FC 
48 FC 
48 FC 
38 FC 
30 FC 

22 FC 
14FC . 
7 FC 
7 FC 
7 FC 
7 FC 
4 FC 

27 
38 
51 FC 
48 FC 
47 FC 
42 FC 
32.5 FC 

22 FC 
13 FC 
7 FC 
7 FC 
7 FC 
7, 10FC 
4 FC 
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- 
No. - 

33 
34 
37 
29 
30 
35 
38 
39 
40 
41  
42 

6 
8 
9 

10 
I 1  
1’ 

4 3  
3 3  
41 
35 
38  
39 
4 0  
15 
41 
42 

6 
8 
9 

10 
1 1  
IL 

46 
1 3  
47  
38 

Constituent 
Identitv 

CCD NO. 11 
Carbazo le  
Unknown VI  
Unknown VI1 
Phenanthrene 
Unknown V 
Anth r a c e 11 e 
L-Methylphenanthrene 
3 -Mt:thylphenanth rene 
1 -Methylphenanth rene 
Dimethyldibenzofurans 
Alkylnaphthalenes ( N , , .  N l o )  
Hydroa romat i c s ,  Biphenyls 
t r a ns - Int e r nal 01 e iin 
Te rmina l  olefin 
n -  Alkane 
Branched - t e r im inal 01 ef in 
2 -  iMethy1;i lkanc 

CCD NO. 12 
I -Methylcarbazole 
Carbazo le  
Unknown VU1 
Ant h r a c  e n e  
2 - Met h y I ph e na n th  r e  nc 
3 - Met hy 1 phenan th r ene 
I -1Methylp1ienantlirenc 
1 - a n d / o r  2-Methylanthracene 
L)imethyldibenz~)Turans 
Alkylnaphthalenes (N,,, N l o )  
Hydroa romat i c s ,  Biphenyls 
t r a n s  - In te rna l  olefin 
Te rmina l  olefin 
n - A1 ka ne 
Branched-terminal  olefin 
L-Methylalkane 

C C D  NO. 13 
L- a n d / o r  3-Methylcarbazole 
1 - a n d / o r  4-Methylcarbazole 
Unknown IX 
L -Methylphenanthrene 

Peak 
tube 
no. 

27 
39 
54 F C  
5 1  F C  
48 F C  
15 F C  
43 F C  
41 F C  
38 F C  
30 F C  
21 F C  
13 F C  
7 F C  
7 F C  
7 F C  
7 .  1 0 F C  
4 F C  

2 2 6 .  5 
‘26. 5 
42 
45 F C  

‘40 F C  
‘40 F C  
‘40 F C  
40 F C  
28 F C  
18. 5 F C  
1 1  F C  
6 ,  9 .  5 F C  
6 F C  
7 F C  
6 ,  9 F C  
4 . 5  F C  

‘29 . 
‘29 
46 

‘40 F C  

See footnotes a t  end of table .  
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- 
No. 

39 
40 
45 
48 
42 

6 
8 
9 

10 
1 1  
1 2  

- 

46 
43 
47 
49 
45 
50 
51 
48 
42 

6 
8 
9 

10 
1 1  
1 2  

Constituent 
Identity 

3 -Me thylphenanthr ene 
1 -Methylphenanthrene 
1 - a n d / o r  2-Methylanthracene 
Alkyldibenzofurans 
Alkylnaphthalenes (Nil, Nl0)  
Hydroaromatic  s ,  Biphenyls 
t rans-Internal  olefin 
Termina l  olefin 
n-Alkane 
Branched-terminal  olefin 
2 -Methylalkane 

CCD NO. 14 
2 -  a n d / o r  3-Methylcarbazole 
1 - and/or  4-Methylcarbazole 
Unknown IX 
Unknown X 
1 - a n d / o r  2-Methylanthracene 
Dimethylphenanthrene s 
Dimethylanth racene s 

A1 k y 1 d ib en z o fu r an s 
Alkylnaphthalenes (Nil, Nl0)  
Hydroaromatic  s ,  Biphenyls 
t r a n s  -Internal olefin 
Termina l  olefin 
n - A1 ka ne 
Branched-terminal  olefin 
2 -Met h y 1 a1 k a ne 

F C  = f ract ion col lector .  
Peak tube f o r  a mixture  of compounds.  

Peak  
tube 
no. 

240 F C  
‘40 F C  
38 F C  
26 F C  
18. 5 FC 
1 1  F C  
7 F C  
7 F C  
6 F C  
7 F C  
4 F C  

23 1 
‘3 1 
46 
57 F C  
39 F C  
35. 5 F C  
3 2  F C  
25 F C  
18 F C  
1 1  F C  
6 F C  
6 F C  
6 F C  
6 F C  
3 F C  
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TABLE 3 .  - Quantitative ana lys i s  of neut ra l  oils 
boiling f r o m  275'  to 3 4 4  C 

Con s t i tuent 

Alkylbinuc lear  naphthene s 
n -  Alkane s 
2 -Me thylalkane s 
Terminal  o le f ins  
Branched- t e rmina l  olefins 
t rans  -Internal olefins 
Aliphatic ca rbony l  

Ac enaphthene 

Hydroaromatics  , biphenyls 

Trimethylnaphthalene,  No.  5 
Alkylnaphthalenes ( te t ramethyl ) ,  No. 14 
Alkylnaphthalenes, N o s .  2 1 ,  3 2 ,  4 2  

Fluorene 
1 -Methylfluorene 
2 -  and /o r  3-Methylfluorene 

Phenanthrene 

1 -Methylphenanthrene 
2 -Methylphenanthrene 
3 -Me thylph enanthr  ene 

Dime thylphenanth r ene  s 

Anthracene 
Monome thylanth rac enes 
Dimethylanthrac enes  

Weight-percent , 

in  neut ra l  oil' 

0. 15 
3.  16 
1. 09 
2 .  42  
. 37 

1. 29 
. 2 1  

8 . 6 9  

. 37 

3. 02 

1 .  88 
2 .  60 
7 . 7 5  

12. 23 

. 2 0  

. 10 

. 2 3  

. 5 3  

. 39 

. 1 1  

. 19 

. 2 3  

. 2 3  
1. 15 

. 0 5  

. 04 

.Ol  

. I O  

c 

Total neut ra l  oil (distilling u p  to about 360" C )  constituted 
1 6 . 9 2  weight-percent of the total  t a r .  
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(Continuing) - 
TABLE 3. - Quantitative analysis  of neutral  o i l s  

boiling f r o m  275' to 344" C 

Constituent 

Dibenzofuran 

1 -Methyldibenzofuran 
2 -Methyldibenzofur a n  
3-Methyldibenzofuran ' 

4 -Methyldibenzofur a n  

Dimethyldibenzofurans 
(Approximately 50 percent  
2 ,  4-dimethyldibenzofuran) 

Alkylated dibenzofurans ( t r imethyl-)  

o - Dimethylphthalate 

Carbazole  
'1 - and/or  4-Methylcarbazole 
2 -  a n d / o r  3-Methylcarbazole 

Unknowns I through X 

Weight -percent  
in  neut ra l  oil' 

0. 32 

. 19 

. 27 

. 4 6  
* 34 

3. 8 4  

. 6 8  
6 .  10 

. 0 3  

. 09 

. 08 

. 17 

1. 02  

Total neutral  oil (disti l l ing up to  about 360" C )  consti tuted 
16.92 weight-percent  of the total  tar. 



FIGURE 1. - Countercur ren t  Distribution of Neutral  Oil, Run No. 4. 

* TUBE ""YOE" 

FIGURE 2. - Countercur ren t  Distribution of Neutral  Oil, Run No. 9.  

FIGURE 3 .  - Countercur ren t  Distribution of Neutral  Oil, Run No. 14. 


